Introduction
Flattening filter free (FFF) beams in radiotherapy have advantages of shorter treatment delivery time and lower out-of-field dose compared with conventional flattened beams. Research groups have predicted that the skin dose would be higher in treatments using FFF beams. 1 As FFF beams are commercially available in modern accelerators now, some groups even confirmed the higher buildup region dose from FFF beams by measurements. 2 This study investigates in detail the skin dose for FFF beams from a TrueBeam accelerator (Varian Medical Systems, Palo Alto, CA) using Monte Carlo method.
Materials and Methods
Monte Carlo simulations: Phase space files generated using real geometry of a TrueBeam accelerator above the jaws 3 were used as the input radiation source files in the beam simulation for various field sizes. BEAMnrc, an EGSnrc based Monte Carlo (MC) program, was used in TrueBeam accelerator simulation using the phase space files as source above the jaws. Phase space files of various field sizes were generated at the phantom surface. DOSXYZnrc was used for dose calculations in phantom and in patient using the generated phase space files as source input files. The calculated percentage depth dose curves and profiles in water agreed with measurement within ± 2% for the high dose region and ± 2 mm between the penumbras. BEAMDP was used to analyze the phase space files for mean energy and fluence distributions. Measurements: Measurement data from the accelerator commissioning were used for the PDD and profile comparison with MC calculations.
Results
Phase space files were generated using 25×25 fields for FFF and flattened beams respectively for TrueBeam at 100 cm source to surface distance (SSD). Figure 1 shows the comparison of the PDD and profile for a 15×15 field between the MC calculation and measurement. Figure 2 shows the mean energy distributions of the photons and electrons from the 25×25 beams as a function of distance of the square rings to the center of field. A total of 40 bins were used in the square rings for the field for photons while only 10 bins were used for electrons due to the much lower fluence of the electron component. The mean energy of the photons is very different between the FFF and flattened beams. 
Discussions
The original IAEA formatted phase space files were generated on a cylindrical surface. The new version of BEAMnrc is capable of reading the IAEA formatted phase space file, but assuming the phase space file is on a flat surface. This small z value approximation does not create large discrepancy between the calculation and measurement based on the PDD and profile comparisons.
Conclusions
Due to lower mean energy in FFF beams, the skin dose is slightly higher in treatments using FFF beams compared with treatments using flattened beams.
